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ABSTRACT 

The development of rapid MOrd processing skills was 
investigated using a visual search task, Visual displays of varying 
orthographic struct are (words, pseudovordSy n on words) were presented 
to college students and to kindergarten^ second-grade, and 
fburth^grade children. Response latencies were measured as subjects 
indicated whether a previously presented single letter appeared in 
the display, A shift in processing strategy occurred between 
kindergarten and second grade. Kindergarten children responded 
identically to words, pseudowords, and nonwords. They apparently used 
a letter- by^letter encoding strategy terminating the search as soon 
as a match occurred. For older groups, words and pseudowords were 
encoded faster than nonwords* Howevpr, once encoded, an exhaustive 
strategy was used with all three display types. The means by which 
words could be Processed rapidly appeared to be acquired before the 
end of the second grade, although rate of processing continued to 
improve. (Author/AA) 
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Reading; is a complex cognLtivc procesi; which involvci^ Uuiny cliffcrent 
subskills. I'he ability to recognize words rapidly, accurately and with as 
little attontional deniands as possiblo is certainly one of the mo^t impor- 
tant of tiiese suhskills. Previous research with skilled roadors has sho\vn 
that they have the ability to use the redundant orthographic infoniiation in • 
the Ilnglish- language to facilitatD the recognition of v;ord and pronOLmccable 
pseudoword displays. Knowledge about the dcvolopmcnt of tfiis skill has im- 
plications for both theories of reading and for methods of reading instruc- 
1 1 on i 

We decided to investigate the dD\^elopiuent of rapid word rocognitlcn 
skills by using a visuiil search pai^adigni. Figure I shows tlie sequence of 
events that occurs in a visual search task. Within one cxpcrirncntal trial 
a verbal w^arning is followed 500msec later by tlie visual presentation of a 
target letter for ISOOmscc. Tliis is' followed by a 500msec exposure of a pat- 
tem visu^al mask. The pattern msk is then followed by a visual display of 
a string of letters wliicli remains on until the subject responds, Tlio subject's 
task is to respond cither "yes'' or ''no" depending upon wliethcr or not the in- 
itial target letter can be foLmd in the visual string of letters, 'Flio priinar)' 
dependent measure is the amount of time that the subject takes to make liis 
response. 

We cliose this particular paradigm for the following three reasons. 
First by using additive factors logic it is possible to localise the fncilita- 
tive effects of orthographic regularity into perceptual or decision stages of 
infonmtion processing, l^iguro numl^or II presents the sequence of stages 
wliich occur in our model of visual search periotTimncc , Within this model 
there are fot^n independc^nt and successive stages of infonnation processing. 
In stage J the visual d;. splay is encoded by being matched with long tern 



3 



7 



merFior>' representations of the letters. Tno target letter is then coinparcd 
with the letters in the visual display until a mtch is found or until all 
comparisons have been made without finding a niatch. The subject then makes 
his decision and responds either 'Ves'* or *^io-'. A second reason for using 
the visual search task is that previous research with adult subjects using 
the visual search paradigm has found reliable' differences in response times 
for word and nonword displays. This difference should increase in children 
as they loam to read. The third reason for using the visual search task is 
that it can cnsily be adapted for use witli veiy young children with little or 
no reading skills. iTius, wc hai^e a simple task which can be used for both 
college students and kindergarten children alike. 

In our e:q3oriment we liad one betw^een subjects variable; grade level. V/e 
used kindergarten^ second^ and fourth grade children as well as college stu- 
dents. Iu:ich_ group had 20 subjects ^ and they all participated in an identical 
search task. The displays sca,rched were of three t>pes: either coimnon words, 
orthographically regular and pronounceable anagrams of these words (pscudo- 
words) and unpronounceable anagrams of these w^ords (nonw^ords) . The visual 
displays were either threes, four, or five letters in length. In Qdditionj 
there v^^ere two t)Ties of response ^ the subject could respond cither yes or no. 
Again the primaiy dependent measure was the amount of time it took the sub= 
ject to make cither a positive or negative decision* 

Table III shows mean response times for each tyjie of visual display se- 
parately for each grade level. For kindergarten subjects there were no sig- 
nificant differences between any of the thi'ee display t>pes. For fourth 
graders response times to word and psciidoword displays were cc(uai and botii were 
responded to faster than nonword displays. TTio response time data for the 
adiilts w^as identical to that of the second and fourth graders except that 
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the difference in response tinics for pscudoword and nonword displays did 
not quite reach significOTCc. lliiiSj by the middle of the second grade 
children have developed the ability to use reduidant orthographic infer- 
ni^ition to facilitate the processing of word and pseudoword displays. In 
addition, we can localize this difference in processing time into the ini- 
tial cncQding stage sijice the slbpes of the best- fitting lines of response 
tirrG plotted as a fimction of display size are equal for word, pseudoword, 
and nonword displays. It would therefore seem that once tlie visual dis- 
i)lay has been oncodudj that the renuiining stages of procos^ing are identical 
for the tiirce differerit display types. 

Since there w'cre no significant interactions involving display type 
and display size. Figure IV sliows mccin response tinies averaged across words, 
pscudowords mid. nonw^ords for both positive and negative decisions plotted 
as a function of display size. Hie data are shouti separately for each grade 
level. As can be seen, resjiionse time decreased vvith age and increased in 
a linear fashion as display size increased. In addition ^ positive decisions 
were faster than negative decisions, lliere v/as also a significant inter- 
act i:ni involving grade level ^ response type^ and display size, lliis inter- 
action caii be explained by the fact that tliere was a highly significant re- 
sponse typo by display size interaction for the kindergarten subjects. Tliis 
interaction was marginally significant for tlie fourth graders and did not 
approach si^^iificancc for either the second graders or the college subjects. 
Gxainination of the kindergarten subjects data indicates that the slope of 
the best- fitting lino for negative decisions was exactly twice the slope of 
the best' fitting lino Cor positive decisions. For the older suljjccts how- 
ever, the slopes of the best- fitting lines for positive and negative decisions 
wore approxiimtely equal. We interpret these results as indicating differ- 
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ences in the way that lettors arc coii^jarcd bctwocn t'^e kindergarten sub- 
jects and the older subjects. Tlie pattern of results for tlie kindergarten 
subjects is consistent with a self-tcminating search strategy* ft would 
appear that kindergarten siabjects comsmred the target letter with each 
letter in the visual display and responded as soon as a match was found 
with the target letter* A self- terminating strategy is consistent with the 
slope of the finiction for negative responses being exactly twice the slope 
of the riffiction for positive responses. On the other hand^for the older ■ 
subjects the fact tliat response times increased at the same rate for both 
positive and negative decisions as display size increased indicates that 
the search might be exliaustive in nature. In other words ^ it would appear 
that the older subjects cornjDared the target letter with each letter in tl_ 
visual display pi^ior to making a response, UTiether this search was conducted 
in a serial or a parallel fashion carmct be determined from our data. ITiuSj 
for kindergarten subjects our data are consistent witn an infoTTnation pro- 
cessing model which involves a letter-by- letter encoding process and a letter 
-4iy- letter conparison process whicii teniiinates when a inatch- Is found, llie 
data from the older subjects is consistent wdth a modol for visual encoding 
that works with perceptual units which are larger than individual letters. 
Thus, our data support recognition models that operate on letter cluster or 
syllable units which are corroon to both word and pseudoword displays. 

In conclusion J our results can be inteiTircted as showing developmental 
changes in both the ability to use the redi^dant orthographic information 
found in the Hnglish language and in the types of visual search strategies 
iLscd. It would appear that as reading ability increases tiiat subjects are 
able to use higlier order orthographic information to facilitate the percep- 
tion of regular letter strings* Recently, witliin our laboratoiy Mark 
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McCaughoy has extended the above work to include first grade children, llie 
preliniinary results are highly consistent with the present data from our 
older subjects. However, for the fir^t graders word displays wore responded 
to faster than the pseudoword displays. Tliere were no differences between 
pseudoword and nonword displays. Tfiis pattern of results can be inter- 
preted as indicating that whole word units are being used in the initial 
encoding stage prior to the use of smaller regular imits such as spelling 
patterns. In addition, as reading skills increase, it would appear that 
subjects begin to use these smaller perceptual units to facilitate tiie re- 
cognition of ortliographically regular letter strings. 
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e:(perdiental task sequence 
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MODEL FOR VIStlAL SEARCH PARADTGM 



ENCODING 
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Mean response times in msec for word, pseudoword, and nonword 
displays for each grade leveK 



Display Type 



Grade Leva] Words Pseudowords 



Nonwords 



Kindergarten 2128 / 2112 2104 

Second grade 1258 1266 1301 

Fourth grade 933 945 .967 

College 543 _ 553 568 
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